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Abstract of RU2215994 

FIELD: initial alignment of inertial navigational systems. SUBSTANCE: gyro- stabilized platform of 
inertial navigational system is immovably stabilized relative to inertial coordinate system. Signal from 
accelerometers are measured at initial period of time and measurement is repeated after small interval. 
Elements of matrix of direction cosines are calculated between inertial and normal coordinate systems. 
On base of elements of matrix of direction cosines thus calculated orientation of inertial coordinate 
system connected with gyrostabilized platform is determined relative to normal coordinate system. 
EFFECT: enhanced accuracy; reduced duration of alignment procedure. 
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(57) PetpepaT: 

H3o6peieHne othochtch k o6nacrn 
MHepuwanbHwx HasMraunoHHbix cucrreM m MoweT 
6biTb ncnonb3oaaHO aha peanuaai^nn pexcwMa 
mx HananbHoft BbicTaBKn 

rnpocTa6njiM3npoBaHHyK) nnaTtpopMy 
nHepuMaiibHOM HaBurauMOHHoft cudeMbt 

CTa6l4JlH3MpyK)T HenOABVDKHO OTHOCMTe/lbHO 
HHepl^Ha/lbHOM CUCTeMbl KOOpAUHaT. H3MepfllOT 

curwajibi c aKce/iepoMeTpoB b HaMajibHbiB 

M0M6HT BpeiuieHM, aaTeM M3MepeHHfl nOBTOpPIOT 
^epe3 Manbivi 3a<$nKCiipoBaHHbivi MHTepBan 
BpeMeHM. Bbi^Mcn«K>T ajieMemw MaTpvmbi 



HanpaBJifltounnx KOCMHycoB Me>KAy 
MHepunaribHovi m HOpMa/ibHovi cMCTeMaMM 
KoopAviHaT. Ha ocHOse BbwucneHHbix 
aneMeHTOB MaTpvmw HanpaBTflioinMx KocMHycos 
onpeAenniOT opneHraLjnio wHepunajibHOM 

CUCTeMbl KOOpA^HaT, CBR38HH0M C 

rvipocTa6vi/iM3MpoBaHHOM nnanpopMoii, 

OTHOCMTeribHO HOpMaJlbHOM CMCTeMW 

KOOpAMHaT. TexHMHecKvivi pe3yribTaT coctomt b 

nOBtJUJeHMM TOMHOCTH M COKpaiH©HMM 
npOAOfDKMTenbHOCTM HaMaAbHOM BbJCTaBKM 
MHepUViailbHOM HaBMrai4MOHHOM CUCTeMbl. 
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(54) METHOD OF INITIAL ALIGNMENT OF INERTIAL NAVIGATIONAL SYSTEM 



(57) Abstract: 

FIELD: initial alignment of inertial 
navigational systems. SUBSTANCE: gyro- 
stabilized platform of inertial navigational 
system is immovably stabilized relative to 
inertial coordinate system. Signal from 
accelerometers are measured at initial 
period of time and measurement is repeated 
after small interval. Elements of matrix of 



direction cosines are calculated between 
inertial and normal coordinate systems. On 
base of elements of matrix of direction 
cosines thus calculated orientation of 
inertial coordinate system connected with 
gyrostabilized platform is determined 
relative to normal coordinate system. 
EFFECT: enhanced accuracy; reduced duration 
of alignment procedure. 
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M3o6peTeHne othocwtcji k o6nac™ 
nHepunartbHbJX HaBwran>tOHHbix cucieM (MHC) m 
MoxeT 6uTb ncnonb308aHO Ana peanu3auun 
pexwMa mx HawaiibHOM BwcrraBicw. 

M3BecTeH cnoco6 HaMajibHofl BbicraBKu 
nnaT0opMeHHbix HHC (HanpwMep, 

nojiyaHannTMMecKOM MHC). 3ai(niOH3ioiAuficn b 

0M3MMeCKOM fipuBSflSHMM 

rvipocTa6nnn3MpoBaHHOfi nnaT(J)opMbi (rcfl) b 

nnOCKOCTb rOpM30HTa (rOpM30HTMpOBaHWM) M 

nocneAytoiueM rupOKOMnacupoBaHvin. Ha ocHOBe 
n3MepneMbix cnrHanoB c aKcenepOMeTpoB n 
ynpaB/ieHUH Ten nocpeACTBOM AaTMwcoB 
MOM6HTOB rwpocKonoB [1. c. 354-371]. 

OT TOMHOCTW HaMa/lbHOA BWCT8BKH 3aBHCHT, 
K3K M3BeCTHO. H TOMHOCTb BblMMCneHMfl 

BbJXOAHux napaMeTpos MHC. npw otom 
OMeBHAHO, hto npuMeHeHue abthvikob momghtob 
rupocKonoa BarmeTcn Hen36e>KHbiM kctomhukom 
norpeujHOCTevi HaManbHow BbCTaBKM. flpuMUHa 
3Toro 3aKnK>MaeTC« b nenAeanbHocTn 
aneKTpoMexaHvmecKMX xapaKTepMCTMK AaTMUKOB 
MOwieHTa. KpoMe Toro. nponeAypa $M3HHecKoro 
ropn30HTnpoB3HMfl IX (1 ysejiMMMBaeT BpeMR 
HaManbHOM BbJCTaBKM, a norpewHOCTb 
"aHanMTHMecKoro" rvipoKOMnacvipoBaHvin, 
ocHOBaHHoro Ha BbmncneHnn, asviMyTanbHoro 
yrna, onpeAe/ineTcn mhoi-mmm 0aKTopaMn, 
3aBMcniAMMM ot norpeiuHOCTeM 
ropHSOHTupoBaHM* rcn [1, c. 371. noc/ieAHM* 

a633L\]. 

Ann noBbJLiieHun tomhoctm HananbHOfi 
BbiCTaBKM nnaTcpopMeHHoii MHC m coKpameHwn 
ee npoAOJDKHTe/ibHOCTM npeAnaraeTcn 
ncnonb30BaHne n/iaT0opMeHHOw MHC a 
HeynpaBnneMOM pexcuMe pa6oTbi rwpocKonoB, 

PpM KOTOpOM Ten CTa6MJlM3MpyeTCfl 

HenoABM)KHO b uHepn.ua/ibHOM npocTpa HCTBe , a 
npoL^eAypa (JmswHecxoro ropn30HTMpoBaHM« 
rcn oTcyTCTByeT. B stom cnynae peann3yeTcn 
peacHM pa6oTbi MHC aHanwTMMecKoro Tuna [2. c. 
142, 2 a63ai4 cBepxy; c. 178]. 

flaHHbivi TexHMMecKMiS pe3yribTaT 
AOCTuraeTcn tsm, hto rcn nHepunanbHoCi 
HaBwrai^noHHOM cucTeMw CTa6nnvi3MpyeTcn 

HenOABVDKHO OTHOCMTeflbHO MHepi^nanbHoPt 

cucTeMbJ KOOpAHHar, 3aTeM MSMepntoT cnn-tanbi 
c aKcenepOMeTpoB b HananbHwii mombht 
BpeMeHu to. 3aTeM b momshtu BpeweHw 
t=to + 5t. rAe 5t- Manwii <J)UKCMpoBaHHbw 
KHTepsan apeMeHM, h onpeAennioT opvieHTaiiMK) 

MHepLlManbHOM CMCTeMbl KOOpAMHaT. CBflSaHHOM 

c rnpocTa6M/in3npoBaHHOM rmaTcpopMOM, 

OTHOCMT&DbHO HOpMaXIbHOM CMCTeMbl KOOpAMHaT 
C nOMOlilblO MaTpMHHOrO COOTHOUJeHMfl 



= N 



rAe M - MaTpiiL^a HanpaB/mioiUMx KOCMHycoB 
Me)KAy HopMaribHOft XgYgZg m MHepuvianbHOii 

XjYiZi CMCTSMaMM KOOpAMHaT; OCb 

Y g HanpaBJieHa Ha ceBep. ocb X 0 - Ha boctok. 
OCb Zg - no MecTHOM BepTMKajw BBepx. 

PaCCMOTpMM CTaHAapTHbie CMCTeMbl 

KOOpAMHaT: HOpManbHyio XgYgZg. ABe 
opToroHa/ibHbie ocm kotodom cen3aHbi c 

rUlOCKOCTblO rOpM30HT3 H OpMBHTMpOBaHbl H3 

ceeep Yg m boctok Xg. a TpeTW? HanpaaneHa no 
MecTHoft BepTMKann BBepx Zg, m nHepMnanbHyw 

CMCTeMy KOOpAMHaT XjYjZi. CBH3aHHyK) C OC«MH 

rcn (3. c. 38]. 3aAAAMM MaTpm^y 



HanpaannKDiAMX KOcuHycoB MexcAy stumm AByMn 

CUCTGMaMM KOOPAMHBT 
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Ann peujeHna 3aAaMM HaHanbHOM BucraBKn 
MHC Heo6xoAMMO onpeAennTb MaTpMi^y M b 
B«Ae ee aneMeHTOB mij (i, j=1, 2. 3) c TeM. 
MTo6bt b Aa/ibHefiiueM 3Ty MHCpopMai^MK) moxho 
6bino ncnanb30BaTb b paooneM pexviMe MHC. 
3to moxho cAenaTb Ha ocHoae vi3MepeHkivi 
curnajioB c aKcenepOMeTpoB b Asa 
0MKcvipoBaHHbix MOMeHTa BpeMeHu no 
cneAyioinHM ct>opMynaM: 
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"ii = A ; m i2 A ' 

™21 = m 32 m 13' m 12 m 33. 
n\22 - m 11 r Tl33- rn 31 m 13; C) 

m23 = ni3 1 m l 2-miim32, 

rAe A 0 i. A 0 2, A 0 3 - curnaxibi. M3MepeHHbie c 
aKcenepOMeTpoB. pacnono>KeHHbix Ha rcn 

COOTBeTCTBeHHO nO OCflM X j. Yi. Zj, B 

HaMaxibHbiM MOMeHT BpeMeHu t 0 . 

g - ycxopeHne csoooAHoro naAeHMfl (g=const 
Ann saAaHHoro MecTonono^eHun cucTeMbi), 



Ma/lblM CpHKCUpOBaHHbiK MHTepBan 

BpeMeHu. a- yrnoaan CKOpocTb BpaiAeHMn 
3eMnn. (p- ujupoTa MecTononojKeHun 
HaBuraunoHHOM cucreMbi, 



50 



55 



Z c A \ 



t - A U 01 a . 
11 11 y A 11 31 mm. y 

13 3 K 1 Z 1 Z f- A 3 1 3 (• B £ 3 

"^31° 6t * ♦P31 M y 6t * "Til 61 * * * 

1 Z , 3 1 

♦ -A p» u U bt «- 
Z IZ 33 y 4 

IZ C 4Z31Z Z3 C 61 r A , 

-~m M Ot a a «-«• m bA a Ot ■»— * mm OL g 
4 31 31 O 3Z 21 4 13 33 31 

Z 3 C 4 1 2 .6 3^ Z 



4 Z Z 
g m - 



ZfZZZ C Z31 3Z C 4 
. .. u Ot v -id n Ot g «n by U Ot ♦ 
IZ IZ y y It Z 3Z y 

1 2.31 c 3 Z I c 4 

»— A Um a tit. ■— —A m U OL g a»-A m m OL 
Z13y31 211 33 y 413 33 32 



Jt*«* z . 

♦ JJ Ji' ' " I )1 11 " " "4 11~3Z~31 9 
IZ I 3r4 1 Z f- t D 2 1 2 r 4 2 Z 

-4-31-32* • 61 ^32-31^ " * Tu*U* * 0 ' 
ID Z3 fi 413,.6 3^Z 



* Zr 3 1^ Z «; 4 Z Z 1 3 o 4 Z 3 

13 2 3^c 61 ,42212 *4l 
♦ - *» ft g bOt ♦ -A m m Ot g • » » Ot A I 

• 33 4 1 33 31 4 31 33 



B 32 33 

An. A 12 . A 13 - cwmaribi, MSMepeHHwe c 
aKcenepOMeTpoB b momght BpeMeHu t= to+61; 

a = o 2 cos<psinq>; b = q 2 ^ 2 ^. 

TawiM o6pa30M. cBnsb Me^KAy HopMa/ibHoCi 
cucreMOti KOOpAMHaT v\ MHepunarbHoii 6yAeT 
MMetb bma: 
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CooTHOiueHne (2) no/iHOCTbio pewaeT 
3aflaMy HaMa/ibHOvi BbiCTaBKM wHepunanbHoii 
HaBurauMOHHOM cucTeMbi, nocKC-ntny 
OAH03H3MHO onpeAenaeT B3anMHyio 
opweHTauMio MHepuvianbHow CMCTeMbl 
KOOpAMHaT, cpn3vmecKw peanMsyeMoii c 

nOMOlHbJO Ten. M HOpMa/lbHOft CMCTGMbl 

KoopflnnaT c HanpaereHHRMn oceii Ha ceeep. 

BOCTOK M HO MeCTHOM sepTHKanM BBepX. 

Cnoco6 HasanbHOw BbicrraBKM MHepijwanbHOM 
HaBuraunoMHoCi cwcTeMbi peannayeTCR 
cJieAyioinuM o6pa30wi: TCn HHepuwaJibHOM 
HaBurai^noHHOM cwcTeMbi (HanpMMep. b 
^eTwpexocHOM xapAaHOBOM noABece) 

CTa6nJW3MpyK>T HenOABMMCHO b MHepunanbHOM 

npocTpaHCTBe, M3MepflK)T cumajibi c 
aKcenepOMeTpoB b HanajibHbtM momcht BpeMenn 
to. 3aieM nsMepeHMH noBTopfliOT Arm MOMema 

Bp6M6HM t=to+5t C MaflblM CfcMKCKpOBaHHbIM 

nHTepBanoM bp&m6hi4 5t (Hanpwwiep, 5 c). 
BbiMnc/iHiOT no (popMynaM (1) aneMeHTbi 
MaTpni^bi HanpaBnflwunMX KOCMHycoB M w 
onpeAefw>OT opueHTai^MK) MHepm^anbHO^ 

CMCTeMbl KOOpAMHaT OTHOCMTeJlbHO HOpManbHOM 
CMCTeMbl KOOpAMHaT C HOMOlAblO MaTpvmHoro 
cooTHOiueHun (2). 

HCTOHHMKH MHCpOpMaUMM 

1 . rupocKonnMecKne cwcTeMbi. 

[~MpocKonnMecKMe npn6opbi n cHcreMbj: YMe6. 
Ana BysoB no cneij. 'TupocKon. npwcopbi m 
ycTpoi4CTBa M / fl.C.ne/ibnop. M.A.MnxaneB, 
B.A.&aywaH m ap.; noA peA. fl.C.rienbnopa. - 
M.: Bbictu. ujk., 1988. - 424 c. 



2. BpOM6epr n.B. Teopua nHept^ManbHbix 
HaenraunoHHbw cucieM. - M.: Hayxa. l"naBHan 
penaicuMfl 4)n3MKO-MaTeMaTHMecKovi 
nuTepaTypbi, 1979. - 296 c. 

3. MnKenaA3e BT.. Tmtob B.M. OcHOBHbie 
s reoMeTpviMecicvte m aapoAMHaMvmeacue 

xapaKTepMCTMKM caMoneTOB m paxer: 
CnpaBOMHMK. - M.: ManiUHOCTpoeHvie, 1990. - 
144 c. 

Oopwiyna M3o6peTeHnn: 

10 Cnoco6 HaManbHOvi BbicraBKM MHepi^wanbHOM 
HaBi/iraijuoHHOM cucTeMw, BxnioMaioiAnvi 
n3MepeHM« c aKcenepOMeTpoB, yciaHoaneHHbix 
Ha rMpocTa6nnM3vtpoBaHHOft nnanJwpMe. 
omMHaioiAHMCfl Teiwi, mto 

rnpocTa6wnM3vipoBaHHyK) nnaicpopMy 

15 MHepunanbHOM HaBurauwoHHoii cucTewibi 

CTa6w1H3MpyHDT HenOABMWHO OTHOCHTenbHO 

MHepunanbHoft cucreMbi KOOpAMHaT, vtSMepaioT 
cumanw c aKcenepOMeTpoB s HananbHwCi 

MOM6HT Bp6MBHI4 \q, S 3aT6M B MOMeHT BpBMBHM 

20 t= lo+5t. rAe 5t - Manwfi cpMKCMpOBaHHbifl 
MHTepsan apeMeHn. h onpeAenjWT opueHTaunw 
MHepm^anbHoft cwcTeMbi KOOpAMHaT, cs«3aHHOM 
c rnpocTa6nnM3npOBaHHOfl nnaTCt»opMOM, 

OTHOCMTenbHO HOpMaJlbHOM CMCTeMbl KOOpAMHaT 
C nOMOlilbK) M3T 
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pMHHOrO COOTHOUJeHMq 
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rAe M - MaTpni^a HanpaBnHtoiAnx KOCMHycoB 
Me)KAy HopManbHOft X g Yg2g m unepm^anbHoii 

X jYjZi CMCTeMaMM KOOpAMHaT. OCb 

Y g HanpaBnena Ha ceBep. ocb X g - Ha boctok. 
ocb Zg - no MecTHoa BepTHxann BBepx. 
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